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Energy Storage Opportunities at Medium Voltages43 kV)

Possible Locations for Grid-Connected Energy Storage
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w Many Energy storage opportunities require power electronics
that can enable conversion efficiencies needed for making
energy storage viable

w Silicon Carbide high voltage devices will play a pivotal role
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Battery Energy Storage Power Electronics Architectures
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Calculated Loss Comparisons at 1 MVA

Table 1: Medium Voltage/Low Current Sidelable 2: Low Voltage/ High Current

loss even at 1 MVA operatian SideLoss
Active Reactive Active
Power (MW) Power Loss (W) Power
(MVAR) (MW)
1 0 3064 1
0.8 0.6 4175 0.8
0.6 0.8 5330 0.6
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th SIC Power Devices?

3X High bandgap of Si

=10 X high breakdown
field

3XThermal
conductivity of Si

Device High current
| performance density

Fast switching Low Rdson

Reduction of
conduction and
switching loss

System High temperature System size and
benefits operation weight reduction
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DSy S {PawerDiscrete and Module Roadmap

SIGMOSFETand Redctifiers

1A 5A 20A S50A 100 A 400 A
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Ultra High Voltage devices
SICMOSFETSg,hyristorsand Rectifiers

50 A 200A 1000 A 4000 A
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Device Design and Fabrication

PWell JFET Regior

N- Drift layer

w{A/ tflFylIN 5ah{C9¢a Tl oNaOI (¢
doped N drift epilayers

w The devicalesignspace constituted different JFET Doping Profile
Channel Lengths and JHEpacings
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Output and Blocking Characteristics
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4,200 4,500 4,800

Drain Voltage (V)

W 2.74mMmx 2.74 mm
die
¢ Active Area = 0.046 ¢m
W Ry, sp0f 17.0Y Kenr,
and breakdown
voltage of 4600 V
measured at 25C

w BV close to theoretical
limit for 35 um/3x10°
cnr3 thick N- drift layer

w V;,extracted as 2.4 V
(at Iy =5 mA)



Breakdown Voltage Variation with Temperature

Leakage Current (HA)
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w Breakdown voltage increases linearly with measurement
temperature

w Extracted temperature cefficient of avalanche breakdown as
1.33V/C
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50kW Test Bench

Triple Active Bridge:

3 Integration of photovoltaic and energy
storage

Triple Active Bridge Setup at FREEDM
System Center (50 kW)
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